Abstract. Habitats of pre-hibernating gregarious larvae of the endangered Marsh Fritillary butterfly (Euphydryas aurinia) were studied in field in Western Bohemia, Czech Republic. The species inhabits moist seminatural meadows managed by light grazing and haymaking; the only local host plant is Succisa pratensis. The redundancy analyses of the vegetation composition (around 166 nest-bearing and 381 unoccupied host plants) showed that nest presence was positively associated with short cushion-forming grasses (esp. Nardus stricta). It was negatively associated with competitively superior tall grasses (e.g., Deschampsia caespitosa) and tall herbs. Comparison of Ellenberg's indicator values of vegetation in occupied vs. unoccupied plots revealed that the nests were more often found in drier, nitrogen-poorer and more acidic conditions than unoccupied plants. Multiple regressions of nest presence against architecture of the host plants (170 occupied, 1280 unoccupied) revealed that the nests were associated with densely clumped host plants, low to medium height of sward and mechanical disturbance. The patterns agree with our knowledge of the biology of the larvae: short sward (related to low nitrogen, humidity, and low pH) facilitates larval basking; high host density reduces the likelihood of starvation. Sod disturbance facilitates host plant germination. The conditions favourable for the nests were also favourable for the host plant, but the plants grew in broader range of conditions than that occupied by the nests. The abandoning of a site results into a situation when the conditions first become intolerable for the butterfly, and ultimately for the plant. Since grazing and mowing have a different impact on vegetation composition and architecture, we propose that the studied populations have persisted in a semi-dynamic state in the two modes of management. Conservation management should mimic the dynamics of traditional land use on the smaller scales of extant colonies.
INTRODUCTION
Butterflies are among the best known and at the same time the most threatened group of temperate insects (Van Swaay & Warren, 1999) . Among them, the checkerspots of the tribe Melitaeini occupy an especially prominent position as one of the most intensively studied model sys tems in ecology and conservation (e.g., Ehrlich et al., 1975; Hanski, 1999) . It is known that individual species exhibit more exacting habitat requirements than would be predicted from the distribu tion of their host plants. The selectivity is typically attrib utable to the specific needs of the developing larvae in terms of microclimate, host plant chemistry and phenol ogy, or avoiding of parasitoids (e.g., Weiss et al., 1988; Warren, 1987; Osborne & Redak, 2000) . Narrow larval requirements combined with limited adult dispersal are associated with the vulnerability of many Melitaeini spe cies in Europe (e.g., Warren, 1994; Wahlberg et al., 1996) .
The Marsh Fritillary (Euphydryas aurinia Rottemburg, 1775) is threatened in most of Europe and is listed in the Berne Convention and in the EEC/EU Habitat Directive.
It inhabits seminatural meadows, habitats that are declining continentally due to the intensification of graz ing, land drainage, improvements of grasslands and affor estation schemes (Van Sway & Warren, 1999) . The biology of the butterfly has been studied in several regions (e.g., Warren, 1994; Lewis & Hurford, 1997; Munguira et al., 1997; Wahlberg et al., 2002a, b) . The studies pointed to marked geographical variation in habitat use and range of host plants (cf. Descimon et al., 2001; Singer et al., 2002) . The message for conservation is that approaches useful in one part of a species' range may be impractical, or even harmful, in other geo graphical areas.
Until recently, little was known about E. aurinia in the Czech Republic. Mašek (1987) showed that the sole host plant of Czech populations is the Devil's Bit Scabious, Succisa pratensis (Moench, 1794) . This contrasts with many other parts of Europe, including nearby Bavaria, where some populations utilise alternative hosts. How ever, the restricted distribution and recent decline of Czech populations cannot be attributed to a rarity of the locally-used host plant, which has a much wider distribu tion than the butterfly in this country. Map showing the location of the study area in the Czech Republic (left lower corner) and distribution of study sites. The Tepelská Highlands is the dense cluster of sites south east from Karlovy Vary. The symbols denote occupied and intensively sampled sites (white circles), occupied and nonin tensively sampled sites (black triangles), unoccupied (i.e., Suc cisa present but the butterfly absent), and nonintensively sampled sites (white stars).
In this paper, we focus on the differences between host plants occupied and unoccupied by pre-diapause larvae. As in other Melitaeini species, larvae of E. aurinia live gregariously until hibernation, forming conspicuous silken nests on their host plant. The gregarious habit facilitates the study of the distribution of the nests, which reflects both the flight and oviposition preferences of adult females. It is known that an understanding of the precise conditions preferred by ovipositing females (and their developing larvae) may be crucial for the efficient conservation of specialised butterflies (e.g., Gutierrez et al., 1999; Kopper et al., 2000) . Hence, nest counts are regularly used to assess habitat suitability and site occu pancy by Melitaeinae butterflies (Hanski, 1999; Wahlberg, 2000 Wahlberg, , 2002 .
Our principal questions were, first, how is the occur rence of larvae related to the composition of vegetation, and second, how is it related to the structural traits (= architecture) of the host plants. We focused on these within-site patterns of "habitat quality" (e.g., Weiss et al., 1988; Thomas et al., 2001 ), disregarding such spatial aspects of site occupancy as habitat connectivity, which will be analysed elsewhere. We compared the composi tion of the vegetation around occupied and unoccupied host plants, constructed regression models relating pres ence of larval nests to host plant architecture, and used the results to infer guidelines for management of E. aur inia sites.
We expected that the following patterns might influ ence the suitability of host plants for E. aurinia larvae. First, since the larvae feed gregariously and food scarcity causes mortality in a related species (White, 1974) , the nests should be found either on large Succisa plants, or on those growing in dense swards. Second, the larvae feed in late autumn and early spring, so their survival depends on frequent basking (Porter, 1982 (Porter, , 1984 , which may be hin dered in shaded conditions where tall vegetation surround the host plants. Third, the butterfly inhabits humancreated meadows and hence depends for its survival on the ongoing management of its habitats (Bulman, 2002) . Since one of the effects of abandonment is that some plant species are deprived of germination opportunities, we also hypothesised that the lack of management may be counterbalanced by small-scale soil disturbance (cf. Krenova & Leps, 1996) .
MATERIAL AND METHODS

Study system
E. aurinia is a univoltine species, the adults fly from late May until late June in the Czech Republic. Females lay egg batches on young leaves of Succisa pratensis, and the larvae live gre gariously in nests spun on the host plants prior to hibernation, and become solitary in spring.
The butterfly has never been common in the Czech Republic. Its range has declined by 67% during the past century, as meas ured by the number of atlas grid cells it occupies (Hula et al., in press) . It is now restricted to western Bohemia (= the western part of the Czech Republic), where it occurs in 11 grid cells, forming 14 distinct colonies/clusters of colonies in humid grass lands. Half of them are abandoned meadows threatened by suc cession, the rest are either extensive pastures or infrequently mown meadows. A recent (2002) survey of the 14 colonies showed that only three of them contained more than one hun dred larval nests, while four contained less than ten nests.
The host plant Succisa pratensis has a scattered distribution throughout most of the Czech Republic. Habitats of the plant include xeric to damp unimproved meadows, pastures and light forests. Štěpánek & Holub (1997) mentioned a decline of the plant due to land drainage in the 1970s and 1980s, but the distri bution of the plant is still much wider than that of the butterfly.
Data collecting
Study sites. Most of fieldwork was done in the Tepelská Highlands in Western Bohemia, the Czech stronghold of E. aur inia (Fig. 1) . It is a sparsely populated hilly (alt. 500-700 m) mosaic of pastures for meat cattle, low-intensity crop fields and spruce plantations. Four colonies of E. aurinia were known in the area prior to this study. We sampled all of them and searched for other remnants of traditionally used or abandoned seminatural meadows and pastures, using topographic maps and aerial photographs. We discovered and sampled 15 occupied and 8 unoccupied sites with Succisa pratensis. We also sampled three extant and isolated sites outside of the area: on the out skirts of the lignite mines in Sokolov ( Fig. 1: sites 18-20 At the remaining 14 "nonintensive" sites (eight of them unoc cupied), we recorded the data for only ca 20 host plants (mean = 20, median = 16, SD = 5.9, range 15-38). While selecting the plants, we always followed the same routine. We first thor oughly searched for the presence of nests at each site. If the site was occupied, we then located and sampled 5-7 occupied plants, and finally randomly sampled unoccupied plants up to the final number. In a few very small sites, all the plants were sampled. The rationale was to keep the proportion of occupied and unoccupied plants close to that recorded from the intensive sites and to as completely as possible the variation in the unoc cupied plants.
In the text, we refer to intensive and nonintensive data, and to "total" data, which consists of the two data sets combined.
For the analyses of vegetation composition, we sampled 497 circular plots of one metre diameter around selected host plants (116 occupied by nests, 381 unoccupied). We recorded per centage covers of all the vascular plants within the plots, plus percentage of moss and of bare ground. Thus sampled plots were either those along the intensively sampled transects (N = 169), or the non-intensive sites (N = 328). For analyses of effects of host plant architecture, we collected data from 1450 Succisa plants (intensive, N = 1165; nonintensive, N = 285), 170 ofthem occupied (intensive: 118; nonintensive: 52). Table 1 lists the explanatory vari ables recorded during the sampling. Different variables were used in the analyses of vegetation composition and vegetation architecture, but there was some overlap if a variable was appro priate for both analyses.
Explanatory variables.
Some of the variables, such as ALTITUDE or types of the management, characterise sites rather than sampling plots or individual plants. Use of such variables in analyses that focus on within-site patterns in fact constitutes pseudoreplications. To mitigate against this problem, we entered a covariable describing the identity of individual sites into all statistical models that included site-describing explanatory variables. Wherever appropriate, we also controlled for the potentially confounding effects of sampling INTENSITY and the PERSON who collected the data (V.H. versus M.K.).
Statistical analyses
Ordination of vegetation composition. We used the redun dancy analysis (RDA) in CANOCO for Windows (Ter Braak & Smilauer, 2002) to relate the composition of Succisasurrounding vegetation to occupancy by larval nests. The RDA is a linear constrained ordination method that relates the "spe cies" composition of samples to external "environmental" vari ables. CANOCO allows for inclusion of co-variables and for fuzzy coding of environmental variables. It tests the significance of the ordination results by means of the Monte Carlo Permuta tion test. We ran the tests with log-transformed plant covers in individual samples, scaling focused on inter-species correlations, species scores divided by the standard deviation and species centered by species scores. S. pratensis, which was present in all samples, was ignored in the analysis ("supplemen tary species" in CANOCO) and we standardised the composi tions of samples by sample norms to obtain a more equal sample total.
We first asked whether the occupied and unoccupied plots differed in species composition. The presence/absence of nests was the independent variable in the analyses, which we run both with-and without controlling for the effects of SITE and INTENSITY.
Second, we asked whether the environmental variables influ encing the composition of the vegetation in individual plots pre dict the presence of nests. We did this by mapping nest presence onto ordination models constructed for vegetation via the gener alised linear modelling (GLM) procedure in CanoDraw for Win dows 4.5 (Ter Braak & Smilauer, 2002) . We first constructed ordination models of plant species composition, selecting the most parsimonious sets from the "ordination" variables (Table  1) via the forward selection procedure (a-level = 0.05). Subse quently, we constructed GLMs that mapped the presence of nests within plots (binary-coded dependent variable) onto the Total data, nest presence entered as binary variable. The first (horizontal) axis separates, highly significantly, occupied and unoccupied plots (eigenvalue = 0.023, F = 11.9, p < 0.001). Only plants with minimum fit = 2 are depicted, the strength of the correlation between plant species and nest presence/absence is approximated by the angle between the arrows for individual plants and the first ordination axis. The same patterns were found in the nonintensive (eigenvalue = 0.013, F = 4.4, p < 0.001) and intensive (eigenvalue = 0.042, F = 7.2, p < 0.001) data. ordination models using quadratic-level functions, which achieved superior fits for all modelled situations according to the Akaike information criterion (AIC).
Indicator values. We used Ellenberg's indication values for individual plant species to further evaluate the composition of the vegetation surrounding nests. The values describe, on ordinal scales, the ecological requirements of higher plants of the Central European flora (Ellenberg, 1979) and correlate well with measured values (e.g., Schaffers & Sykora, 2000; Wamelink et al., 2002) .
We used the indicator values for light, temperature, humidity, pH and nitrogen given in Frank & Klotz (1990) for testing the null hypothesis that samples containing and not containing nests do not differ in these conditions. The dependent variables were mean indicator values per plot weighted by the cover of indi vidual species (including S. pratensis, because its relative abun dance in the plots could also reflect habitat properties). Since Frank & Klotz (1990) did not provide indicator numbers for "indifferent" plants, we substituted the missing values with means obtained from all species represented in individual sam ples, for which the values are given by the authors. We did the same for several small sedges (Carex spp.), not identified to species.
Regressions of host plant architecture. To assess the effects of structural traits and position of host plants on presence of larval nests, we constructed multiple regression models with nest presence as the dependent variable with a binomial distri bution. We used the GLM procedure in S-plus 2000 (1999) . We first assessed the separate effects of the covariables SITE, YEAR and PERSON, and of all potential explanatory variables (Table 1) . For continuous and ordinal variables, we checked the linearity of the relationships by constructing the regressions also as second-degree polynomials and logs, and selecting the most appropriate model using the AIC values.
Following the single-term tests, we constructed multiple regression "BEST" models for intensive, nonintensive and total data. The procedure involved constructing models with all the possible explanatory variables (without interactions), from which we successively excluded redundant variables using the S-plus' "drop1" function while retaining the (nominally signifi cant) effects of SITE in the models. After obtaining a model with no redundant terms, we iteratively added and deleted all possible multiple-term interactions, until we found a model for which neither adding nor dropping of terms improved its (AICevaluated) fit.
RESULTS
Composition of vegetation
The plots containing larval nests had a higher cover of Succisa pratensis (Mean = 36, SD = 18.1, median = 30, range = 5-90) than unoccupied plots (Mean = 30, SD = 20.1, median = 30, range = 2-90) (Mann-Whitney U: p < 0.001). Thus, the occurrence of E. aurinia nests was asso ciated with a high cover of the host plant.
Still, the RDA ordination revealed highly significant difference in plant species composition between occupied and unoccupied plots (Fig. 2) . The explained variance was small, but the larval nests were clearly positively associated with certain plants. Occupied plots contained a higher cover of short graminoids, such as Nardus stricta, Anthoxantum odoratum and "small" Carex sedges, and of subordinate herbs (e.g., Veronica officinalis, Plantago lanceolata, Pedicularis sylvatica). Unoccupied plots had a higher cover of tall grasses, most notably Deschampsia cespitosa, and of vigorous tall herbs (e.g., Cirsium het erophylum, Hypericum maculatum). Controlling for SITE and INTENSITY (results not shown) did not change the pattern.
The composition of the vegetation within plots was influenced by both SITE (sum of all eigenvalues = 0.167, F = 6.0, p < 0.001) and sampling INTENSITY (eigen value = 0.020, F = 9.9, p < 0.001), suggesting consider able variation among sites. However, after considering the two effects as co-variables, the external variables that significantly explained composition of the vegetation were related significantly to the presence of nests ( Table  2 ). The vegetation-describing variables typically picked up by forward selection procedures were related to site management either directly (e.g., GRAZING, ABAN DONED) or indirectly (e.g., SURRHE, SUN; manage ment clearly affects sward height or level of shading). As suggested by the GLM-mapping of nest presence on the ordination axes, likelihood of nest presence decreased with height of sward (Fig. 3) , which was low at managed sites and tall at abandoned sites.
Indicator values
The comparison of mean Ellenberg's indicator values for occupied (N = 116) versus unoccupied (N = 381) Fig. 3 . GLM-mapping of the occurrence of larval nests of Euphydryas aurinia on results of RDA ordination of vegetation composition. Intensive data, not controlled for covariables. Quadratic-degree binomial model of nest occurrence. Ordina tion of vegetation was constrained by explanatory variables describing the plots and study sites, variation attributable to dif ferences between sites was controlled by including individual sites as covariables, explanatory variables were selected by for ward selection procedure. The isolines show probability of occurrence of the nests, as fitted by the models. Refer to Table 1 for definition of variables.
plots showed that the nests occurred in plots that were drier and had a lower pH and nitrogen content. (Humidity: t = -3.10, p < 0.01; pH: t = -6.74, p < 0.0001; Nitrogen, t = -6.17, p < 0.0001). No differences were found in mean values for light (t = 1.41, 495 d.f., p = 0.16) and temperature (t = -1.28, p = 0.20).
Host plant architecture
The single-term regressions of nest presence against host plant architecture (Table 3) revealed that nests occurred more frequently on plants growing in dense swards (i.e., the variables AVER_DIST and CLOSE_DIST). The positive association between nest presence and numbers of shoots and/or inflorescensces (the two were correlated, r = 0.64 and p < 0.001) sug gested that occupied plants tended to be richly branched. In contrast, plant height showed either no (total and inten sive data) or a negative (nonintensive data) association with occupancy. Occurrence of the nests was consistently influenced by the 2nd-order polynomial of height of sur rounding vegetation: the likelihood of nest occurrence peaked between 25 and 50 cm and decreased in taller swards (Fig. 4) . The positive effect of DAMAGE mani fested itself in the "intensive" and "nonintensive" data. Neither YEAR nor RECORDER influenced the results.
Each of the multiple-regression "BEST" models (Table  4 , Fig. 4) showed that even after controlling for differ ences between sites, the presence of nests was positively associated with density of host plants. Other variables predicting the occurrence of nests were number of shoots/inflorescences, the 2nd-order polynomial of sward height, and damaged plants. The higher-order interaction that improved the fit of the models suggested that shade counterbalanced the positive associations with host plant density. The absence of a relationship with sward height in the intensive data was presumably caused by the fact that at all the intensively sampled sites, there were strong larval populations of the butterfly, and thus probably the optimal sward height.
DISCUSSION
The presence of prediapause larval nests of Euphydryas aurinia on Succisa pratensis was positively associated with a high cover of the host plant, and of short grasses and competitively subordinate herbs surrounding the host plants. It was negatively associated with competitively superior tall grasses and herbs. The nests were common at sites with relatively short sward, which is typically main tained by mowing or light grazing, and on host plants growing in drier and nitrogen-poor conditions. Analysis of host plant architecture confirmed the association of nests with densely clumped host plants growing in low to medium-height vegetation. The different analytical approaches gave similar results. For instance, a higher host plant cover corresponded with a high number of shoots/flowerheads of occupied plants. Table 3 . Results of single-term binomial GLM regressions of nest occupancy against architecture and position of Succisa prat ensis host plants. The darts indicate the direction of the relationships. The significance values refer to testing for a significant decrease of deviance of fitted models, tested using F-tests against the null models: Nest presence = ß0 + error. See Table 1 ANOVA test of significance of model terms: +p < 0.1, * p < 0.05, ** p < 0.01, *** p < 0.001, **** p < 0.0001. Pdependent variable entered as 2nd-degree polynomial; Ldependent variable entered as natural (ln) logarithm.
The ordination and regression models explained rela tively very little of the variation. However, the results were significant after controlling for covariables, and thus quite robust. In contrast to this study, many authors who compared occupied and unoccupied butterfly host plants worked with equal numbers of samples in the two catego ries (e.g., Bourn & Thomas, 1993; Kopper et al., 2000) . We kept the proportions of the two categories nearly Fig. 4 . Multiple GLM-regression of the occupancy (binary dependent variable) of Succisa pratensis plants by larval nests of Euphydryas aurinia. Total data, variation attributable to differences between sites controlled by considering the identity of the sites as a covariable. The plots show partial effects of individual model terms (without interactions) on nest occurrence. identical (nonintensive data) or identical (intensive data) to the situation in field. The price was the low explained variability, but the advantage was higher biological real ism.
Host plant and larval requirements
The occurrence of nests agreed well with the prefer ences of the host plant, Succisa pratensis. The plant is an inferior competitor (Buhler & Schmid, 2001; Pauli et al., 2002) prospering in nutrient-poor grasslands. In speciesrich meadows of Central Europe, competition is for light rather than nutrients. Superior species turn nutrients into biomass more efficiently, overgrowing inferior species and depriving them of light (Leps, 1999) and germination opportunities (cf. Kotorova & Leps, 1999) .
The finding of a close match between occurrence of larval nests and optimal conditions for the host plant is not a trivial one. Many European butterflies prefer just the opposite, i.e., host plants growing in suboptimal con ditions (e.g., Sparks et al., 1994; Bergman, 1996) . Promi nent discrepancies between the ecological optima of host plants and butterfly larvae are known for several checkerspot butterflies (e.g., Thomas & Simcox, 1982; Warren, 1987; Hanski & Singer, 2001) , including species of the genus Euphydryas (e.g., Singer, 1983; Singer & Parme san, 1993) . Since no such discrepancy applies to the asso ciation between S. pratensis and E. aurinia, it might indi cate that an abundance of the plant should ensure the well being of the butterfly.
However, abundance is not enough. The plants grew in a broader range of humidity, pH, nitrogen, and sward height conditions in the studied area than was occupied by the nests. Presence of nests did not correlate with total host plant abundance per site in the ordinations, but rather with such factors as the height of vegetation and the man agement (Fig. 3) . The nests were also scarce on the tallest host plants (see Table 3 , nonintensive data). S. pratensis grows tall and develops fewer shoots when shaded. This happens at abandoned sites invaded by shrubs and young trees, or in distant corners of meadows and pastures that are mown or grazed less frequently. Hence, abandonment leads to conditions that are -for a time -still tolerable for the host plant, but intolerable for the larvae. Wahlberg et al. (2002b) observed that S. pratensis growing in forest clearings becomes unsuitable for E. aurinia after a few years of forest regrowth.
The above observations agree with the effect of the variable "DAMAGE" in regression models. Damaged plants of Succisa were typically found at sites mechani cally disturbed by animals (boar wallows, cattle paths), in tractor tracts, or along lightly trampled paths. Disturbed soil at such sites presumably facilitates the germination of the plant, allowing it to form dense swards.
We found several nests at unexpected sites: xeric banks of a drainage channel (site 12 in Fig. 1, 1 nest) , improved pasture sown with fodder mixture (site 12, 3 nests) and edge of a slag heap (site 5, 2 nests). Although any infer ence from such observations is speculative, occurrence of nests at such sites again suggested that sunny and low sward conditions were crucial for larval development. In some parts of Europe, populations of E. aurinia inhabit drier grasslands, where they use host plants other than S. pratensis (cf. Singer et al., 2002) . It may be just chance that the populations in Western Bohemia lack the ability to utilise a broader range of potential hosts, and thus can not extend their range to more xeric conditions.
Larval or female preferences?
The patterns in the distribution of larval nests agreed with our initial hypotheses. Low nitrogen and humidity (and correlated low pH) result in a short sward with cussion-forming grasses (such as Nardus stricta). Such conditions should facilitate larval basking and the high host density makes it unlikely that the larvae will starve. The occupied sites thus were in many respects ideal for larval development. However, it is not the larvae, but the egg-laying females that determine the occurrence of nests. How can they recognise in June that a site will be suitable for larvae from September until spring of the next year? By definition, each female emerges at a good site. If local conditions remain stable from year to year, females should restrict egg laying to natal sites to choose good conditions for their larvae. Females indeed do that when laying their first egg batches (Porter, 1981 , cited in Wahl berg, 2002b . However, conditions may change, and changing to a new oviposition site after laying the first egg batch may be a precaution against environmental variation (cf. Petit et al., 2001) . Despite their relative sed entariness, some females of E. aurinia migrate between habitat patches (Warren, 1994; Wahlberg et al., 2002b) : in our study, a marked female moved 2300 m in June 2002 (unpublished data). Still, it might be relatively easy for a female to distinguish suitable egg-laying sites. Since the host plant does bloom in late summer, its young rosettes are relatively unapparent during the period when adults are flying and the searching females are more likely to encounter plants growing in high densities and short sward. Ovipositing at a suitable site, even if outside the natal patch, thus agrees with the most parsimonious model of female behaviour.
Conservation implications
All Euphydryas aurinia localities in Western Bohemia are on human-created seminatural meadows that are either traditionally managed, or relatively recently aban doned.
In Britain, E. aurinia inhabits traditionally used pas tures with low stocking density (Barnett & Warren, 1995; Asher et al., 2001) . Wahlberg et al. (2002b) contrasted the "static" situation with "dynamic" situation in forest clearings in Finland. The Czech populations seem to be intermediate. Traditional management consisted of a com bination of cattle grazing and mowing. Grazing promotes cushion-forming grasses and maintains the level of soil disturbance suitable for germination of Succisa pratensis. Mowing, on the other hand, promotes fast growing grasses and maintains a uniform sward. It also causes substantial larval mortality (Barnett & Warren, 1995) . A second cut in late-season ("aftermath") must be especially detrimental to exposed and vulnerable larval nests.
The contrasting effects of mowing and grazing allow us to infer that the populations in Western Bohemia have tra ditionally persisted in a semi-dynamic state. They suf fered an increased mortality if mowing occurred at an inappropriate time, or if a site was mown twice a year. However, some sites were always grazed, and manage ment varied between individual landholders and years. The resulting small-scale mosaic of diverse management presumably contributed to the long-term persistence of local populations.
What habitat management may mimic the traditional land use? In the short term, the species should be man aged on the scale of the extant colonies. The occupied sites on hay meadows should be mown once a year and always in a mosaic-like manner, leaving uncut the nutrient-poor patches containing Nardus stricta and a high cover Succisa pratensis. (Hand-mowing these patches every few years should suffice to block succes sion.) The mowing should coincide with the beginning of adult flight, since it will expose rather then destroy the rosettes of the host plant without harming the larvae. Occupied pastures should not be overstocked, sown with fodder mixtures or fertilised. Cattle should be temporarily excluded from patches with a high cover of S. pratensis. The management of unoccupied S. pratensis sites in vicinity of extant localities should restore short-sward conditions with a high density of the plant. This may be achieved by a removal of plant biomass and subsequent maintenance of uneven and patchily disturbed sod (Bulman, 2002) , by light cattle grazing in late summer, or by small-scale mechanical disturbance. The ultimate goal should be not only to preserve the butterfly on its extant sites, but also to increase the number of occupied sites via purposeful habitat restoration.
CONCLUSION
Comparisons of the composition of the surrounding vegetation and architecture of the host plants (Succisa pratensis) occupied and unoccupied by larval nests of Euphydryas aurinia revealed valuable insights into the habitat requirements of this endangered butterfly. Although this required collecting of relatively large amount of data and non-trivial analytical approaches, it allowed us to define, accurately, the conditions required by larvae of the butterfly. It is encouraging that the pres ence of such conditions, such as low sward, high host plant density and relative cover of a few accompanying species may be assessed quickly, independently of season and with little experience. This should substantially ease the assessment of habitat suitability for the species in future site management actions.
